Background: Chronic obstructive pulmonary disease (COPD) is a respiratory syndrome characterized by progressive, partially reversible airway obstruction and lung hyperinflation. COPD has a substantial burden which is seen in both patient quality of life and healthcare costs. One proposed method of minimizing this burden is the implementation of clinical pathways (CPWs). CPWs aim to guide evidence-based practice and improve the interaction between health services. They bring the best available evidence to a range of healthcare professionals by adapting evidencebased clinical guidelines to a local context and detailing the essential steps in the assessment and care of patients.
Background

Description of the condition
Chronic obstructive pulmonary disease (COPD) is a respiratory syndrome characterized by progressive, partially reversible airway obstruction and lung hyperinflation [1, 2] . This leads to progressive shortness of breath, limitation of daily activities and worsening healthrelated quality of life, as well as increasingly frequent and severe exacerbations [1] . It is most often caused by exposure to tobacco smoke [3] , but is also associated with air pollution and biomass [3] and occupational exposures to dusts and chemicals [3] . The disease is significantly underdiagnosed [4, 5] , leading to difficulty in estimating prevalence at both the international and national level. Estimates for worldwide prevalence of COPD range from 4 to 20 % [4] . Similar trends can be seen in Canada where approximately 4 % of Canadians self-report as being diagnosed [5] , but estimates based on airflow obstruction suggest a prevalence between 12 and 17 % depending on diagnostic criteria [5] . Data from Europe is less readily available as estimates for Europe in general are out of date [6] . However, statistics from the UK also point to underdiagnoses as 1 million people live with diagnosed COPD while another 2 million are undiagnosed [7] .
COPD has significant consequences. It is the fourth leading cause of death in Canada [8] and the third leading cause of death in the USA. In 2009, COPD caused 8 million physician office visits, 1.5 million ED visits, 715,000 hospitalizations and 133,965 deaths in the USA [9] . In 2010, costs for COPD in the US were projected to be $49.9 billion [10] . Exacerbations of COPD (AECOPD) account for most of the morbidity. In Canada alone, the cost of moderate and severe exacerbations has been estimated to be $646-$736 million per year [11] . In the UK, direct costs of COPD are estimated at £800 million [12] . In order to minimize the burden of COPD, highquality guidelines have been developed [1, [13] [14] [15] [16] . These guidelines generally specify disease identification through spirometry, management through a combination of smoking cessation, vaccination, pharmacologic therapy, physical activity, prevention and optimal management of AECOPD [1, 17] . When implemented, these steps have shown substantial increases in patient quality of life, as well as a reduction in healthcare utilization [18] .
Although these results are promising, evidence suggests that the creation of guidelines in isolation is inadequate [19] [20] [21] as passive dissemination of guidelines rarely results in meaningful changes in practice [14, 22, 23] . Estimates across the healthcare environment suggest that 30-40 % of patients do not receive treatments with proven effectiveness [24] , although guideline uptake varies across areas of care [25] .
Description of the intervention
One proposed method of minimizing this gap is the implementation of clinical pathways (CPWs). CPWs, also known as 'integrated care pathways' , 'critical pathways' , 'care plans' or 'checklists' , are tools used by health professionals to guide evidence-based practice and improve the interaction between health services. They bring the best available evidence to a range of healthcare professionals by adapting guidelines to a local context and detailing the essential steps in the assessment and care of patients [26, 27] . Evidence suggests that CPWs are commonly implemented and studied in hospitals [28] . However, work analyzing the extent of CPW implementation and evaluation in primary care is still underway [29] .
Evidence exists to support the general use of CPWs to change behaviour and improve quality of care [20, 21, [30] [31] [32] . Less evidence is available to establish the effectiveness of CPWs for the management of COPD. This is demonstrated in a previous systematic review focused on in-hospital management of AECOPD which utilized a comprehensive search strategy but only identified four studies which met the inclusion criteria [33] . The systematic review described in this protocol follows the preferred reporting items for systematic review and meta-analysis (PRISMA) methodology, as outlined in the PRISMA protocols (PRISMA-P) checklist (see Additional file 1) and will improve the current knowledge base regarding the development and implementation of CPWs for COPD.
Methods
Review questions and objectives
The review will address the following question: What are the effects of CPWs for COPD on patient, professional and systems level outcomes. In addition, the secondary objective of the review is to explore factors (e.g. implementation strategies, evidence used in development) that may explain variation in the effectiveness of CPWs for COPD.
For the purpose of this review, usual care will be operationalized as treatment determined at the discretion of the attending healthcare professional. If studies do not state that the control group utilizes some form of standardized care, we will assume the control group utilizes this definition of usual care.
Criteria for considering studies for this review
The systematic review will include all relevant studies which address the review questions and objectives. We will utilize an electronic search strategy to identify all primary studies reporting on the effectiveness of CPWs for COPD. We will include studies conducted in both primary and acute care settings. In addition, we will include studies focused on COPD maintenance and AECOPD.
Types of studies
We will include all primary, quantitative studies which utilize the following study designs: randomized controlled trials (RCTs), non-randomized controlled trials (NRCTs), controlled before and after studies (CBA), interrupted time-series (ITS) studies, cohort (longitudinal) studies and pre-post comparisons. We will not include editorial reports or studies which do not collect quantitative data. We will require that all studies include at least one objective pre-intervention/control group measure and one objective post-intervention measure or a measure of change with a corresponding uncertainty measure. Studies which only include a measure of the change or fail to report quantitative results will not be included. We will attempt to contact the study's author if it is unclear whether the study meets these criteria. We will not exclude studies based on methodological quality; however, study quality will be evaluated using a risk of bias assessment.
Definition of clinical pathways
In order to ensure we capture all studies utilizing CPWs, regardless of the terminology used, we will rely on the operational definition developed by Kinsman et al. [27] and subsequently refined in the work of Rotter et al. [29] and Lawal et al. [34] . The definition requires that all included studies:
Utilize a structured multidisciplinary care plan Channel the translation of guidelines or evidence into local structures Detail the steps in a course of treatment or care in a plan, pathway, algorithm, guideline, protocol or other 'inventory of actions' (i.e. the intervention had time frames or criteria-based progression) Aim to standardize care for a specific clinical problem, procedure or episode of care in a specific population
Types of participants
Participants will include patients, care providers and healthcare organizations. All patients with COPD will be included in the review, regardless of COPD severity, diagnostic methods or comorbidities. This will ensure applicability to the care of COPD patients in the 'reallife' clinical setting. Regarding care providers, we will consider all health professionals, including but not limited to physicians, nurse practitioners, nurses, physiotherapists, pharmacists, occupational therapists, social workers, dietitians and psychologists. Finally, outcomes regarding healthcare organizations will include all organizations which provide patient care including hospitals and primary care facilities.
Types of outcome measures
All objectively reported measures which describe a patient, professional or systems level outcome will be included in the review. Patient outcomes are operationalized as outcomes which directly measure the patient's health or satisfaction after they leave the system. Professional outcomes are operationalized as outcomes which describe how the healthcare professional/staff perceive their work or how they perform tasks but do not measure how efficiently this is done. Finally, systems outcomes are operationalized as outcomes which describe the ability of the system to perform actions using the fewest resources possible. These may influence patients' experiences but they do not describe the health or satisfaction of the patient following the patient's visit. Therefore, system outcomes do not include direct measures of health (e.g. mortality rate) and or proxy measures of health (e.g. re-admission rate, infection rate). If studies report pooled data relating to CPWs for COPD in combination with CPWs for other conditions, then outcomes will not be extracted unless a subgroup analysis is presented which shows outcomes for CPWs specific to COPD care.
Primary outcomes
Objectively measured patient outcomes such as: 
MEDLINE (OVID) EMBASE (OVID) CENTRAL (OVID) DARE (OVID) Cochrane Database of Systematic Reviews (OVID)
The search focused on CPWs in primary care was run from database inception to 2015. The search focused on CPWs in hospitals was run from 2008 to 2015. Copies of the search strategies for hospitals and primary care translated for the MEDLINE database can be found in Appendices 1 and 2, respectively. Results of these searches will be imported in EndNote X7, and titles, abstracts and keywords will be searched for the following terms:
COPD Chronic obstructive pulmonary disease Chronic obstructive airways disease Chronic obstructive lung disease Emphysema Chronic bronchitis
In addition to the search results, we will screen the included and excluded studies lists of the previously published Cochrane systematic review focused on CPWs in hospitals [28] and any other relevant reviews on CPWs identified during screening process. In addition, we will hand search the reference lists for all included studies.
Screening
All titles and abstracts will be imported into a reference management database and duplicates will be deleted. Two review authors will independently screen all titles and abstracts (CP and LA) to assess which studies meet the inclusion criteria. We will retrieve the full text copies of all potentially relevant articles, and disagreement regarding inclusion will be resolved by a third member of the research team (TR).
Data extraction
Pairs of two review authors (CP and SF) will independently extract data according to the double data entry method by using a standardized data extraction form developed in Microsoft Access. All data will be extracted directly from included studies. We will refer any disagreements to a third review author (TR). If necessary, we will contact authors of the primary studies for additional information. Areas of data extraction will include:
Study characteristics: publication year, country, length of follow-up period, urban vs. rural location, inclusion criteria Population characteristics (patient): age, gender, number of patients, COPD severity Population characteristics (professional): types of healthcare professionals involved, number of healthcare professionals involved in development, healthcare setting Intervention characteristics: evidence base, implementation strategy Outcomes: patient, professional, systems
Risk of bias assessment
Two authors (CP and SF) will independently assess the methodological quality of all included studies.
For RCTs, NRCTs and CBA studies, we will use the criteria suggested by the Cochrane EPOC group to assess risk of bias in studies with control groups [35] . These criteria include the following questions:
Was the allocation sequence adequately generated? Was the allocation adequately concealed? Were baseline outcome measurements similar? Were baseline characteristics similar? Were incomplete outcome data adequately addressed? Was knowledge of the allocated interventions adequately prevented during the study? Was the study adequately protected against contamination? Was the study free from selective outcome reporting? Was the study free from other risks of bias?
For ITS studies, we will use the criteria suggested by the Cochrane EPOC group to assess risk of bias in ITS studies [35] . These criteria address the following areas:
Was the intervention independent of other changes? Was the shape of the intervention effect pre-specified? Was the intervention unlikely to affect data collection?
Was knowledge of the allocated interventions adequately prevented during the study? Were incomplete outcome data adequately addressed? Was the study free from selective outcome reporting? Was the study free from other risks of bias?
For all types of cohort studies not previously mentioned, we will use the criteria suggested by the Cochrane EPOC group to assess risk of bias in studies with control groups [36] . These criteria include the following questions:
Is confounding of the effect of intervention unlikely in this study? Was selection into the study unrelated to intervention or unrelated to outcome? Do start of follow-up and start of intervention coincide for most subjects? Is intervention status well defined? Was information on intervention status recorded at the time of intervention? Was information on intervention status unaffected by knowledge of the outcome or risk of the outcome? Were the critical co-interventions balanced across intervention groups? Were numbers of switches to other interventions low? Was implementation failure minor? Are outcome data reasonably complete? Was intervention status reasonably complete for those in whom it was sought? Are data reasonably complete for other variables in the analysis? Was the outcome measure objective? Were outcome assessors unaware of the intervention received by study participants? Were the methods of outcome assessment comparable across intervention groups? Were any systematic errors in measurement of the outcome unrelated to intervention received? Is the reported effect estimate unlikely to be selected, on the basis of the results, from multiple outcome measurements within the outcome domain? Is the reported effect estimate unlikely to be selected, on the basis of the results, from multiple analyses of the intervention-outcome relationship? Is the reported effect estimate unlikely to be selected, on the basis of the results, from different subgroups?
We will refer unresolved disagreements regarding risk of bias to a third author (TR). We will report an appropriate judgement for each criterion on each scale and provide a quote from the study report together with a justification for our judgment in the risk of bias table. Based on individual judgements for each domain, we will provide a summary risk of bias assessment for each study using the method outlined in the Cochrane Handbook which suggests that a study should be rated as low risk of bias if it is plausible bias is unlikely to seriously alter the results, unclear risk of bias if bias raises some doubt about the results and high risk of bias if it is plausible that bias seriously weakens confidence in results [37] . We will not exclude studies from the review based on risk of bias.
Assessment of heterogeneity
We expect variation due to the fact that we include a range of implementation contexts. However, if there appears to be a body of studies amenable to meta-analysis, then we will inspect graphic representations of pooled results to assess heterogeneity. We will assess statistical heterogeneity both by visual inspection of forest plots and by calculating tests of heterogeneity (Chi 2 test and I 2 statistic). We will consider an I 2 value greater than 60 % to serve as evidence of substantial heterogeneity of a magnitude where statistical pooling is not appropriate.
Assessment of reporting biases
We will assess potential reporting biases by visual inspection of funnel plots.
Subgroup analysis
Subgroup analyses will be conducted for all of the primary and secondary outcomes. We will group studies based on the following categories:
Country where the study was carried out Evidence base used in the development of CPW (e.g. international guidelines, literature review) Implementation strategy used in the implementation of the CPW (e.g. passive distribution, face to face training) Year of publication Context for which the study was focused (e.g. hospitals, primary care) Disease stage/severity (stage I/mild COPD, stage II/ moderate COPD, stage III/severe COPD and stage IV/very severe COPD)
Sensitivity analysis
Sensitivity analysis will be carried out to explore the robustness of the results by investigating the effects of including and excluding studies with high risk of bias and studies with missing information. All evidence will be presented in a standardized summary of findings (SoF) table.
Data analysis
We will undertake meta-analyses if we find more than three studies which report similar outcomes, occur in similar contexts and do not show statistical heterogeneity. Given the fact that there is probably some degree of heterogeneity, it is likely that a random effects model will be employed. However, if studies are sufficiently similar, a fixed effects model will be considered [37] .
Data synthesis
We will record and report details on the number of retrieved references, the number of duplicates, the number of full text papers obtained and the number of included and excluded articles. This information will be reported based on PRISMA guidelines [38] . The reason for exclusion for all articles for which full text was retrieved will be included in the review. A synthesis of risk of bias results will also be presented in tabular form.
Results of meta-analyses will be presented using a forest plot. Outcomes of interest will be synthesized in tabular form and include data for each intervention group, effects estimates, confidence intervals and statistical significance when available. Financial data will be presented in US$ for the same base year and will be adjusted for inflation by using a country-specific price index [39] . Subgroup analyses will be presented in a separate table. In addition, all primary outcomes, metaanalyses and subgroup analyses will be presented in narrative form taking into account the strength of the evidence and following PRISMA guidelines [40] .
Ongoing studies
We will describe identified ongoing studies, where available, detailing the primary author, research question(s), methods and outcome measures together with an estimate of the reporting date.
Discussion
Overall, the systematic review outlined in this protocol aims to identify, assess and synthesise all available evidence on the effects of CPWs regarding the treatment and management of COPD. As a result, this review will aim to provide an evidence base for decision makers regarding the practicality, cost effectiveness, patient benefit and best practices regarding the implementation of CPWs for the care of COPD.
